US007418148B2
a2 United States Patent (10) Patent No.: US 7,418,148 B2
Havashi 45) Date of Patent: Aug. 26, 2008
b/
(54) IMAGE COMPRESSION METHOD AND 6,628,709 B2* 9/2003 Linetal. ............... 375/240.03
IMAGE COMPRESSION DEVICE 6,671,411 B1* 12/2003 Satoh .....cccceevevvrvnennnn.. 382/239
6,993,546 B2* 1/2006 Nallyetal. ................. 708/313
(75) Inventor: Tetsuya Hayashi, Hanno (JP) 2003/0103676 AL*  6/2003 Kuniba ...........ccoovvvvee. 382/239
2005/0069214 Al* 3/2005 Hayashi ...................... 382/251
(73) Assignee: Casio COIIlplltEI' CO., Ltd.j TOkYO (J P) FORFEIGN PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this JP 00-125545 5/1994
patent is extended or adjusted under 35  JP 06-334983 12/1994
U.S.C. 154(b) by 834 days. JP U7-184062 771995
JP 08-195888 7/1996
: JP 08-204970 8/1996
(21) Appl. No.: 10/951,757 P 02905156 2/1006
JP 10-200893 7/1998

(22) Filed: Sep. 27, 2004
* cited by examiner

(65) Prior Publication Data _ _
Primary Examiner—Amir Alavi
US 2005/0069214 Al Mar. 31, 2005 (74) Attorney, Agent, or Firm—Frishauf, Holtz, Goodman &
Chick, P.C.
(30) Foreign Application Priority Data
Sep. 29,2003 (JP) oo, 2003-338031  (37) ABSTRACT
Sep. 29,2003 (JP) o, 2003-338430 An image compression device provided for effective utiliza-
(51) Int.Cl. tion of the memory used for image storage and for attaiming a
GO6K 9/36 (2006.01) reduction 1n the compression processing time of an 1image. An
GOGK 9/46 (2006.01) image quality evaluation value calculation section calculates
(52) U.S.CI 182/251 the 1mage quality evaluation value of the block for image
S.CLo e quality evaluation value calculation which is compressed
(58) Field of Classification Search ................. 382/172, using four quantization tables in which the quantized data in

382/174, 181, 199, 218, 232, 233, 239, 250,
382/251, 253; 375/240.03, 240.04, 240.16,
3775/240.2, 240.22, 240.25; 345/442, 593;
708/313

See application file for complete search history.

cach 1s different. A quantization table selection section cal-
culates an approximation curve for approximations or sup-
plies the image quality evaluation value of the block for image
quality evaluation value calculation for each quantization
table and from the calculated approximation curve further

(56) References Cited calculates a standard table value for practicable compression
to reduce the file size without deterioration of the image
U.S. PAIENT DOCUMENTS quality. Subsequently, a quantization section compresses the
5,473,742 A * 12/1995 Polyakov et al. ............ 345/44) original image data using the quantization table with the
5,654,760 A *  8/1997 Ohtsuki ................. 375/240.04  calculated standard table value.
5,734,368 A * 3/1998 Meyersetal. ............... 345/593
5,905,578 A * 5/1999 Fuuetal. .................. 382/251 30 Claims, 16 Drawing Sheets
9 10 11 12A 15
et | f-} fJ f-/ {J f—} "CDMP S E
ozl |IMAGE DATA | | BLOCK DCT BLOCK DETECTION  ENTROPY RESSED
1171351 ACQUISITION (| DIVIDING - (> OPERATION {>{ SECTION FOR SESTNSNZAT'ON CODER  [PATA
(e SECTION SECTION SECTION_ EVALUATION L SE(iTION
ORIGINAL 59
iIMAGE DATA
| ~
THRESHOLD
13 ~| QUANTIZATION ?ng‘ETgéJég%N VALUE
TABLE SECTION SECTION ADJUSTMENT
SECTION
16 17 1 Bl 21
r/J Y — rJ — T r
BLOCK ENTROPY INVERSE INVERSE DCT IMAGE QUALITY
——3» INPUT DECODER 1 QUANTIZATION 1 OPERATION EVALUATION VALUE
SECTION SECTION | SECTION SECTION CALCULATION SECTION
DECOMPRESSED DATA
| 23
/_./

T

i

> DATA OUTPUT
__ 5 |SECTION

!




US 7,418,148 B2

Sheet 1 0of 16

Aug. 26, 2008

U.S. Patent

NOILO3S
1Nd1NO V1va

tC

NOLLOAS NOLLVINOTVO
JAIVA NOILVNTVAS

J45S34dN0D

vV1vVd d3SS3ddN003a

NOILO3AS

NOILO3S
NOILVZIINVNO
JSH3IANI

NOILO3S

NOILLVHIdO
100 ISH3ANI

4300030
AJOY1INS

ALIIVAIO IOV

LC ol Ll

NOILD3S
INJWNLSNrdy

I VA
J10HS3AH1

NOILO3S
NOILOJ13S J719V1L
NOILVZILNVNO

NOILO3S 31gvl
NOILVZIINYND [ EL

cC 0c

NOILYNIVAT
ALITVYNO JOVNI
d04 NOILO3S
NOIL9313d X0018

NOILO4dS
43007 NOILO3S

V.1vQ

AdOYLN3 NOILVZILNVND

Gl 14" ¢l 2

L Ol

NOILOdS
NOILVYH3dO

10d

NOILD3S

1NdNI
MJ014

9l

NOILO3S
ONIJIAIC

A0014

Ol

NOILO3JS
NOILISINDOV
V.1va FOVAI

v1vd OV
TVYNIDIHO

d alm b m d d

Jor_uer_ 14
LU

]
B D L I R
M rrTT
A== =-t
N I PR Y SRR

T N I O
} oy bl )



US 7,418,148 B2

Sheet 2 0of 16

Aug. 26, 2008

U.S. Patent

ALIIVNO
FOVINI HOIH

Olivy
NOISS3dadN0D
MO

-

ALVNO OV
OlLvYd NOISS3HdWOD

¢ Ol

08 08 08
08 08
08

— P

ALIVNO
JOVIAI MO

OlLVY
NOISS3HdWOD
HOIR




U.S. Patent Aug. 26, 2008 Sheet 3 of 16 US 7,418,148 B2

g

Iy

N

et
~t— ﬂ
<
&
CY) <
. O
-
O z
R §
L o
-
O
LL.

3Z1S 3114

256 QUANTIZATION

TABLES



US 7,418,148 B2

Sheet 4 of 16

Aug. 26, 2008

U.S. Patent

A3ANVdX3 d314V « G35S3J4ddNOD v.ivd

V1vQa JOVIAI TVNIOIEO

v Old



U.S. Patent Aug. 26, 2008 Sheet 5 of 16 US 7,418,148 B2

FIG. 5

BKn2 BKn4

BKn3



U.S. Patent Aug. 26, 2008 Sheet 6 of 16 US 7,418,148 B2

2955

F1G. 6

3NIVA NOILYNIVAI
ALITVNO OV

APPROXIMATED CURVE CALCULATED
WITH A CUBIC SPLINE FUNCTION



U.S. Patent Aug. 26, 2008 Sheet 7 of 16 US 7,418,148 B2

F1G. 7

START

ORIGINAL IMAGE DATA IS DIVIDED INTO
A PLURALITY OF BLOCKS AND DCT CONVERSION
OF EACH BLOCK IS EXECUTED

FROM THE RESULT OF DCT CONVERSION OF
THE ORIGINAL IMAGE DATA, THE BLOCKS ARE
ANALYZED FOR THE BLOCK CONTAINING
MANY HIGH FREQUENCY COMPONENTS
AND SAVED AS THE BLOCK FOR IMAGE QUALITY
EVALUATION VALUE CALCULATION

ALL BLOCKS COMPRESSED AND EXPANDED

AMONG ALL BLOCKS COMPRESSED — AFTER
EXPANDED, THE SUM (X ) DIFFERENCE OF THE
BLOCK FOR IMAGE QUALITY EVALUATION VALUE
CALCULATION AND THE ADJOINING BOUNDARY
BLOCKS IS CALCULATED

THE SUM (2 ) VALUE IS OUTPUTTED AS THE

IMAGE QUALITY EVALUATION VALUE

END

S10

S12

S14

S16

S18



U.S. Patent

FIG. 8A

Aug. 26, 2008 Sheet 8 of 16

[

480

\

i
O
-
i
n
On

-
N
(e
-
8)

i_\
)N Re)
- 1 O
ii
N | O
- | O

o)

-
o)

1

o)

o063 [ 58] 56 156156
ozl eo[ e0[ 15[ 150150
161
2|162 161
21162161

US 7,418,148 B2

FIG. 8B

ORIGINAL IMAGE

FIG. 9

TR BN EA B R
5[ 15] 2] 2] 28 [01] 04 [12.
0s[ 93] 16 15] 02 [ 05 06 [ 01
71 10] 02] 15108 [01 00| 03
o5 08] 18] 1601 07 08 13
1o 2] 6] 03]08 [ 15] 10 [0
ENEYEN ERETIRURTIETY
26| 6] 38116118 | 12105 [0

TRANSFORM COEFFICIENTS
RELATIVE TO THE ORIGINAL IMAGE




U.S. Patent Aug. 26, 2008 Sheet 9 of 16 US 7,418,148 B2

FIG. 10

2 |12 [1a [ 10 | 26 | 58 [ 60 | 55
4 |13 [16 |24 [40 | 57 [ 69| 6
T |17 22|29 | 51 87| 80 62
8 |22 37 | | o8 (109103 77
2 [ 35 |5 |64 | o1 |104]173] o2
28 |64 [78 [ o7 [103 121[120[ 107
72 [52 [95 [ 98 [12[100[103] 05

QUANTIZATION TABLE

FIG. 11

t5]lof1jofojofojo
2|1]ojofojojojo
1 j1]ojojojofojo
ojolojojojojojo
oJojojojojojoJo
olojJoloJojojo]o]
ojojojojojojojo
ojolojojojojojo

QUANTIZED TRANSFORM
COEFFICIENTS



U.S. Patent Aug. 26, 2008 Sheet 10 of 16 US 7,418,148 B2

FIG. 12

240/ 0 |10/ 0]0]O0foO O
24|12/ 0 [0 |0]0f0]O;
-14l-13lofofojojolo
olofojojojolojo

RECONSTRUCTED TRANSFORM
COEFFICIENTS

FIG. 13

7aa 146145 [152 ] 154156 [ 156 156
48] 150152 [154 | 156 156 | 156156
155156157 [158 | 158157 | 166155
o0] 161 [161 [162 161158 | 167 155
63163 164 163 | 162|160 | 158 156
63164164 164 | 162[160 | 158157
160[ 161|162 162 | 162[161 150158
158159161 161 [ 162[161 [ 150158

RECONSTRUCTED IMAGE




NO1104S
1NdiN0O v1ivdad

£C

US 7,418,148 B2
A

v1v(d J35534dW0D30

NOILO3S NOLLVINOTVO NOILO3S NOILI4S

NOILO3S NOILO3S

o INTVA NOILYNWAS |+  NOILYHIJO [<| NOILYZILNYNO < ¥30023a 1NdNI
- ALIYND 30vWI| | 1DQ 3SH3ANI ISHIANI| | AJOHLNT ¥J018
—
> Ll 9l
P
7
NOILD3S
LNIWLSNrav NOLLOIS 011935 318vL
INIvA [ NOILD3 1S J18VL ) v invno €1
—
—
Q | vivad 3OVIAI
< ¢c 0c WNIDINO
b e e il ol A
z NOILD3S NOLLOTS NOUVN VAL 1 Nonoss| | noioas NOILO3S | [33isis
ALITVNO 3OVAI DETEE
d3009J NOLLYZILNVND NOILV¥H3dO ONIQIAIC NOILISINOJV [<-{33riiid
VIVA| | 3N 404 NOILD3S
a3SSIUANOD NOLLO3L3A %0079 190 A0 || VIVAIOVAIL - fo-a-ti-as

LIL...#..I.—L_
NN

Gl 14 Vil L1 Ol 6

vl Old

U.S. Patent



U.S. Patent Aug. 26, 2008 Sheet 12 of 16 US 7,418,148 B2

FIG. 15

30 DIGITAL CAMERA

36 )}
31 34 SECTION 38 39

Y.
UNIT /—N  DRAM
CCD CIRCUIT —

40

I | INTERNAL
ADDRESS
_Te ) P [ oamamusf—) B4R
37

MEMORY
41

ST
L P I 42

DISPLAY

SECTION MEMORY
CARD

AUDIO PROCESSING
SECTION —



U.S. Patent

Aug. 26, 2008 Sheet 13 of 16

FIG. 16

STILL IMAGE
PHOTOGRAPHY MODE

THROUGH IMAGE DISPLAY S1
PROCESSING

IS THE SHUTTER E!!

BUTTON HALFWAY
PRESSED?

YES
AF PROCESSING S3

THROUGH IMAGE DISPLAY a4
PROCESSING

S5 |
NO

IS THE SHUTTER
BUTTON FULLY
PRESSED?

YES
STILL IMAGE PHOTOGRAPHY S6
PROCESSING STOPPAGE

FILE CREATED AND STORED 7
ON MEMORY CARD

RETURN

US 7,418,148 B2



U.S. Patent Aug. 26, 2008 Sheet 14 of 16 US 7,418,148 B2

FIG. 17

MOTION IMAGE
PHOTOGRAPHY MODE
THROUGH IMAGE DISPLAY S10
S11

RECORDING NG
START BUTTON PRESSED
DOWN?

512
YES
MOTION PHOTOGRAPHY
PROCESSING

S13

RECORDING
STOP BUTTON PRESSED S14
DOWN?

30 SECONDS NO
YES ELAPSED?
YES
MOTION PHOTOGRAPHY S15
PROCESSING STOPPAGE
FILE CREATED AND STORED S16
ON MEMORY CARD
RETURN

NO




U.S. Patent Aug. 26, 2008 Sheet 15 of 16 US 7,418,148 B2

FIG. 18

THE ORIGINAL IMAGE DATA DIVIDED INTO BLOCKS S20
AND DCT CONVERSION PERFORMED

FROM THE RESULT OF DCT CONVERSION OF THE
ORIGINAL IMAGE DATA, THE BLOCKS ARE ANALYZED
FOR THE BLOCK CONTAINING MANY HIGH

FREQUENCY COMPONENTS AND SERVES AS THE BLOCK
FOR IMAGE QUALITY EVALUATION VALUE CALCULATION

S21

A PARTICULAR QUANTIZATION TABLE g22
(1 OF 4 RANDOM POINTS) IS SELECTED

THE ORIGINAL DATA IS COMPRESSED —
EXPANDED USING THE QUANTIZATION TABLE
CURRENTLY SELECTED

S23

THE SUM ( I ) DIFFERENCE OF THE COMPRESSED —
AFTER EXPANDED BLOCK FOR IMAGE QUALITY
EVALUATION VALUE CALCULATION AND THE
BOUNDARY BLOCKS IS CALCULATED

S24

THE SUM ( £ ) VALUE REPRESENTS THE IMAGE QUALITY
EVALUATION VALUE IN THE QUANTIZATION TABLE S25
CURRENTLY SELECTED

S26 |

IS THE CALCULATION OF
THE IMAGE QUALITY EVAUATION VALUES
FORTHE ALL QUANTIZATION
TABLE FINISHED?

NO

S27

THE NEXT QUANTIZATION
TABLE IS SELECTED




U.S. Patent Aug. 26, 2008 Sheet 16 of 16 US 7,418,148 B2

FIG. 19
O

THE APPROXIMATED CURVE GRAPH WHICH INDICATES

CHANGES IN THE IMAGE QUALITY EVALUATION VALUE 328
WHEN CHANGING QUANTIZATION TABLE NUMBERS USING

AN APPROXIMATION TECHNIQUE, SUCH AS A CUBIC SPLINE

FUNCTION IS CALCULATED

THE DIFFERENTIAL VALUES OF THE CALCULATED

APPROXIMATED CURVE ARE COMPARED TO A PREDETERMINED
THRESHOLD VALUE AND THE ONE WHICH HAS THE HIGHEST S29
QUANTIZATION TABLE NUMBER IS SELECTED AMONG

THE QUANTIZATION TABLES WHICH ARE GREATER THAN

THE GRADIENT OF A PREDETERMINED THRESHOLD VALUE

THE ORIGINAL IMAGE DATA IS COMPRESSED AND SAVED USING

THE QUANTIZATION TABLE WHICH HAS THE CALCULATED S30
QUANTIZATION TABLE NUMBER

END



US 7,418,148 B2

1

IMAGE COMPRESSION METHOD AND
IMAGE COMPRESSION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Applications No.
2003-338031, filed Sep. 29, 2003 and 2003-338430, filed
Sep. 29, 2003, the entire contents of which 1s incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1mage compression
method and an 1mage compression device suitable for use in
image photography devices such as a digital camera, a video
camera, etc.

2. Description of the Related Art

Conventionally, 1n 1image photography devices, such as a
digital camera, a video camera, etc., when photographed
images are recorded, an 1mage quality setting 1s eflected and
data compression according to a quantization table value
corresponding to that image quality setting 1s performed or
the value of a quantization table 1s calculated which decides
the file size corresponding to the image quality setting and
data compression 1s performed.

As a determining method of quantization tables corre-
sponding to the 1image quality setting, a technique which
divides an original image into a plurality of blocks for mea-
suring the amount of compressed data 1n each block and
determining a quantization table for each divided block 1is

disclosed 1n Japanese Laid-Open Patent Application (Kokai)
(A) No. 8-204970 (1996), title“ IMAGE DATA COMPRESS-

ING AND EXPANDING DEVICE,” refer to page 6 and FIG.
J.

As disclosed in the above-mentioned reference, a selection
method of the quantization tables 1s explained 1n which Dis-
crete Cosine Transtorm (DCT) conversion of each divided
block 1s accomplished and transform coelficients are gener-
ated. The generated transform coellicients are quantized 1n a
quantization table selected from among a plurality of quanti-
zation tables. The quantized coeflicients are then entropy
encoded and compressed. In this compression case, the
amount of data after compressing each block 1s measured and
the results compared with a target amount of compressed data
for every one block determined previously. If the amount of
data after compression 1s more than the target amount of
compressed data, a high compression ratio quantization table
1s selected and 1n the opposite case a low compression ratio
quantization table 1s selected. Accordingly, compression 1s
performed using a quantization table suitable to the properties
of an 1mage by block units.

However, in the conventional image compression method
mentioned above, there are the following disadvantages.

Specifically, when a quantization table 1s changed accord-
ing to the photographed object, even as the file size becomes
larger the 1mage quality remains essentially unchanged.
However, since there 1s no concept for selecting a quantiza-
tion table to create a smaller file size 1n spite of indistinguish-
able changes in the image quality, there 1s a problem 1n
advancing effective utilization of the memory for image stor-
age 1n this respect. Additionally, a typical image with many
low frequency components in the transform coellicients after
DCT conversion, for example, an image photographed of a
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blue sky without clouds, etc., the image quality remains basi-
cally unchanged even 1f the file s1ze becomes larger.

Furthermore, since a quantization table 1s determined for
cach block, there 1s also a practical drawback 1n that com-
pression processing which requires time to complete.

SUMMARY OF THE INVENTION

The present invention has been made in view of the con-
ventional drawbacks mentioned above. Accordingly, the
object of the present invention 1s to provide an 1mage com-
pression method and 1image compression device for com-
pressing image data based image quality and more effective
utilization of the memory used for image storage.

In order to resolve the above-mentioned drawbacks, an

image compression method of the present invention for com-
pressing 1image data based on 1mage quality comprises a step
which compresses an original 1mage using a plurality of
quantization tables wherein one or more factor values 1n a
quantization table 1s different; a step which calculates an
image quality evaluation value of the compressed 1mage
using an 1mage quality evaluation function defined in
advance; a step which calculates an approximation curve for
approximating a graph to indicate the relationship between an
image quality evaluation value and a quantization table using
an 1mage quality evaluation value of the original 1image for
cach of the plurality of quantization tables; wherein a quan-
tization table number 1s determined corresponding to a quan-
tization table for compressing the original image based on the
approximation curve; and a step which compresses the origi-

nal image using a quantization table of the determined quan-
tization table number.

Moreover, an 1mage compression method according to the
present invention for compressing 1image data based on image
quality comprises dividing the original image data into a
plurality of blocks; performing Discrete Cosine Transtorm on
cach of a plurality of divided blocks which calculates the
transform coellicients and which detects a block with many
high frequency components as the block for image quality
evaluation value calculation from the transform coelfficients
of each of a plurality of blocks; the detected block for image
quality evaluation value calculation and each of the boundary
blocks adjoining that block for image quality evaluation value
calculation are compressed using a plurality of quantization
tables wherein one or more factor values 1 a quantization
table 1s different; the compressed block for image quality
evaluation value calculation and each compressed boundary
block adjoiming that block for image quality evaluation value
calculation are expanded using a quantization table used 1n
the compression; calculating an 1mage quality evaluation
value relative to each quantization table by using the difier-
ence ol the pixel values at the edge sides which border the
block for the 1image quality evaluation value which are the
pixel values at the edges of the block for image quality evalu-
ation value calculation and each of the boundary blocks
adjoining the block for image quality evaluation value calcu-
lation after expansion for each of the quantization tables; an
approximation curve 1s calculated for approximating a graph
indicating the relationship between the image quality evalu-
ation value and each quantization table, wherein based on the
approximation curve a quantization table number 1s deter-
mined corresponding to a quantization table used during
compression of the original image; and the original 1mage 1s
compressed using a quantization table of the determined
quantization table number.
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In the 1mage compression method according to the present
invention, the approximation curve 1s calculated with a cubic
spline function based on the image quality evaluation value
for each quantization table.

Furthermore, the image compression method according to
the present invention, as a determining method of a quantiza-
tion table number corresponding to a quantization table used
during compression of the original image, the differential
values of the approximation curve corresponding to each
quantization table are compared with a predetermined thresh-
old value; and a quantization table number with the highest
placement of each factor value 1n a quantization table wherein
the differential values take a value within a predetermined
range among the plurality of quantization tables 1s deter-
mined as a quantization table number corresponding to a
quantization table used during compression of the original
1mage.

Also, the compression method according to the present
ivention, as a determiming method of a quantization table
number corresponding to a quantization table used during
compression of the original 1mage, the approximation curve
corresponding to each quantization table 1s compared with a
predetermined threshold value; and a quantization table num-
ber with the highest placement of each factor value in a
quantization table wherein the differential values of the
approximation curve are not lower than the threshold value
among the plurality of quantization tables 1s determined as a
quantization table number corresponding to a quantization
table used during compression of the original image.

In addition, the 1mage compression method according to
the present invention, as a determining method of a quantiza-
tion table number corresponding to a quantization table used
during compression of the original 1mage, a quantization
table number which 1s decreased up to a predetermined ratio
between maximum and minimum of the approximation curve
1s determined as a quantization table number corresponding
to a quantization table used during compression of the origi-
nal 1mage.

Next, an 1mage compression program which compresses
image data of a photographed object with a photography
device 1n a computer includes a block dividing which divides
the original 1mage data into a plurality of blocks; a DCT
operation process which applies Discrete Cosine Transiorm
to each of a plurality of divided blocks; a block detection
process for image quality evaluation value calculation which
detects a block with many high frequency components from
the transform coellicients of each of a plurality of blocks
acquired by Discrete Cosine Transform as the block for image
quality evaluation value calculation; a compression process
which compresses for each of every quantization table the
detected block for image quality evaluation value calculation
and each of the boundary blocks adjoiming the block for
image quality evaluation value calculation using a plurality of
quantization tables wherein one or more of the factor values
in a quantization table 1s different; an expansion process
which expands using the same quantization table as during
compression relative to each compressed block for image
quality evaluation value calculation and each of the boundary
blocks for image quality evaluation calculation; an 1mage
quality evaluation value calculation process which calculates
an 1mage quality evaluation value relative to each quantiza-
tion table for the difference of the pixel values at the edge
sides which border the block for the image quality evaluation
value calculation which are the pixel values at the edges of the
block for image quality evaluation value calculation and each
of the boundary blocks adjoining the block for image quality
evaluation value calculation after expansion for each of the
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4

quantization tables; an approximation curve which calculates
an approximation curve for approximating a graph indicating
the relationship between the 1image quality evaluation value
and the each quantization table; a quantization table number
determination process which determines a quantization table
number corresponding to a quantization table used during
compression of the original image based on the calculated
approximation curve; and an original 1mage data compres-
s10n process which compresses the original image data using

a quantization table which has a determined quantization
table number.

According to the present invention, an 1image compression

device comprises an 1mage quality evaluation means which
evaluates the image quality of that compressed original image
during compression of the original image using a plurality of
quantization tables in which the quantized data 1s different; an
approximation curve calculating means which calculates an
approximation curve which approximates a graph indicating
the relationship between each of the quantization tables and
the image quality evaluation value; a quantization table num-
ber determination means which determines a quantization
table number corresponding to a quantization table used dur-
ing compression of the original image based on the calculated
approximation curve; and an original image data compres-
sion means which compresses the original image data using a
quantization table which has the determined quantization
table number.

Also, according to the present invention, an 1image com-
pression device comprises a block dividing means which
divides the original image data into a plurality of blocks; a
DC'T calculation means which applies Discrete Cosine Trans-
form to each of a plurality of divided blocks; a block detection
means for image quality evaluation value calculation which
detects a block with many high frequency components from
the transform coellicients of each of a plurality of blocks
calculated 1n the DCT calculation means as the block for
image quality evaluation value calculation; a compression
and expansion means which compresses each of the blocks
consisting of the block for image quality evaluation value
calculation and each of the boundary blocks adjoining the
block for image quality evaluation value detected by the block
detection means for image quality evaluation value calcula-
tion using a plurality of quantization tables in which the
quantized data 1s different, and which expands using the
quantization table used during compression of each of blocks
consisting of the block for image quality evaluation value
calculation and each of the boundary blocks adjoining the
block for image quality evaluation value; an 1mage quality
evaluation value calculation means which acquires the image
quality evaluation value relative to each quantization table
using the difference of the pixel values at the edge sides which
border the block for the image quality evaluation value cal-
culation which are the pixel values at the edges of the block
for image quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality evalu-
ation value calculation after expansion; an approximation
curve calculation means which calculates an approximation
curve for approximating a graph indicating the relationship
between the image quality evaluation value and the each
quantization table; a quantization table number determination
means which determines a quantization table number corre-
sponding to a quantization table used during compression of
the original 1image based on the calculated approximation
curve calculated in the approximation curve calculation
means; and an original image data compression means which
compresses the original image data using a quantization table
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ol a quantization table number determined 1n the quantization
table number determination means.

Further, the 1mage compression device according to the
present invention, wherein the approximation curve calcula-
tion means an approximation curve 1s calculated with a cubic
spline function based on the image quality evaluation value
for each quantization table.

In addition, the image compression device according to the
present invention, wherein the quantization table number
determination means the differential values of the approxi-
mation curve corresponding to each quantization table are
compared with a predetermined threshold value; and a quan-
tization table number with the highest placement of each
factor value 1n a quantization table wherein the differential
values take a value within a predetermined range among the
quantization tables 1s determined as a quantization table num-
ber corresponding to a quantization table used during com-
pression of the original image.

Also, the 1mage compression device according to the
present invention, wherein the quantization table number
determination means the approximation curve corresponding
to each quantization table 1s compared with a predetermined
threshold; and a quantization table number with the highest
placement of each factor value 1n a quantization table wherein
the differential values of the approximation curve are not
lower than the threshold value among the quantization tables
1s determined as a quantization table number corresponding
to a quantization table used during compression of the origi-
nal 1mage.

Moreover, the image compression device according to the
present invention, wherein the quantization table number
determination means a quantization table number which 1s
decreased up to a predetermined ratio between maximum and
mimmum of the approximation curve 1s determined as a
quantization table number corresponding to a quantization
table used during compression of the original 1image.

The 1mage compression device according to the present
invention, comprises a threshold value adjustment means
which changes the value of the threshold value used with the
quantization table number determination means.

Also, the 1mage compression device according to the
present invention, comprises a ratio adjustment means which
changes the ratio used with the quantization table number
determination means.

Moreover, a digital camera 1s characterized by comprising
an 1mage compression device according to any of claims
8-15.

An 1mage compression method according to the present
invention comprises dividing the original 1mage data into a
plurality of blocks; performing Discrete Cosine Transtorm on
cach of a plurality of divided blocks which calculates the
transform coefficients and which detects those blocks con-
taining many high frequency components from among a plu-
rality of calculated transform coetficients; while setting the
blocks corresponding to the detected transform coelficients,
compressing each of a plurality of transform coetlicients cal-
culated above using a predetermined quantization table;
expanding each of a plurality of compressed quantization
transform coellicients using a quantization table used during
compression; performing Inverse Discrete Cosine Transform
on the transform coetlicients corresponding to the block for
the 1image quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality evalu-
ation value calculation from among a plurality of recon-
structed transform coellicients after expansion; calculating
the difference of the pixel values at the edge sides which
border the block for the image quality evaluation value cal-
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culation which are the pixel values at the edges of the block
for image quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality evalu-
ation value calculation after expansion for each of the quan-
tization tables reconstructed by the Inverse Discrete Cosine
Conversion and sets the image quality evaluation value rela-
tive to a predetermined quantization table from the result;
calculating an approximation curve for approximating a
graph indicating the relationship between the image quality
evaluation value and the each quantization table; wherein
based on the approximation curve a quantization table num-
ber 1s determined corresponding to a quantization table used
during compression of the original 1mage; and compressing
the original 1image using a quantization table of the deter-
mined quantization table number.

An image compression program according to the present
invention 1s characterized by making a computer execute each
the processes includes a block dividing process which divides
the original 1mage data into a plurality of blocks; a DCT
operation process which applies Discrete Cosine Transform
to each of a plurality of divided blocks and calculates the
transform coellicients; a block detection process for image
quality evaluation value calculation which detects a block
with many high frequency components from among a plural-
ity of the calculated transform coellicients and sets a block
corresponding to the transform coetiicients with many high
frequency components as the block for image quality evalu-
ation value calculation; a compression process which com-
presses each of a plurality of calculated transtform coelfficients
using a predetermined quantization table; an expansion pro-
cess which expands each of a plurality of compressed quan-
tized transform coefficients using a quantization table used
during the compression; a Discrete Cosine Transform process
which performs Inverse Discrete Cosine Transform on the
transform coellicients corresponding to the block for the
image quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality evalu-
ation value calculation from among a plurality of transform
coellicients reconstructed by the expansion process; an image
quality evaluation value calculation process which calculates
for the difference of the pixel values at the edge sides which
border the block for the image quality evaluation value cal-
culation which are the pixel values at the edges of the block
for image quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality evalu-
ation value calculation reconstructed by the Inverse Discrete
Cosine Conversion and sets the image quality evaluation
value relative to each quantization table from the result; an
approximation curve calculation process which calculates an
approximation curve for approximating a graph indicating
the relationship between the 1image quality evaluation value
and the each quantization table; a quantization table number
determination process which determines a quantization table
number corresponding to a quantization table used during
compression of the original image based on the calculated
approximation curve; and an original image data compres-
s10n process which compresses the original image data using,
a quantization table which has a determined quantization
table number.

An 1mage compression device according to the present
invention comprises a block dividing means which divides
the original image data into a plurality of blocks; a Discrete
Cosine Transform means which performs Discrete Cosine
Transform on each of a plurality of divided blocks and cal-
culates the transform coeflicients; a block detection means for
image quality evaluation value calculation which detects the
transiorm coeltlicients with many high frequency components
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from among a plurality of calculated transform coefficients
and sets a block corresponding to the transform coefficients
with many high frequency components as the block for image
quality evaluation value calculation; a compression means
which compresses each of a plurality of the calculated trans-
form coelficients using a predetermined quantization table;
an expansion means which expands each of a plurality of
compress quantized transform coellicients using a quantiza-
tion table used during compression; a Discrete Cosine Trans-
form means which performs Inverse Discrete Cosine Trans-
form on the transform coellicients corresponding to the block
for the 1image quality evaluation value calculation and each of
the boundary blocks adjoining the block for image quality
evaluation value calculation from among a plurality of trans-
form coelficients reconstructed by the expansion means; an
image quality evaluation value calculation means which cal-
culates for the difference of the pixel values at the edge sides
which border the block for the image quality evaluation value
calculation which are the pixel values at the edges of the block
for image quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality evalu-
ation value calculation reconstructed by Inverse Discrete
Cosine Transform and sets the image quality evaluation value
relative to each quantization table from the result; an approxi-
mation curve calculation means which calculates an approxi-
mation curve for approximating a graph indicating the rela-
tionship between the 1mage quality evaluation value and the
cach quantization table; a quantization table number determi-
nation means which determines a quantization table number
corresponding to a quantization table used during compres-
sion of the original 1image based on the calculated approxi-
mation curve by the approximation curve calculation means;
and an original image data compression means which com-
presses the original image data using a quantization table
which has a determined quantization table number by quan-
tization table number determination means.

Additionally, a digital camera according to the present
invention 1s characterized by comprising an image compres-
s10n device according to claim 19.

The above and further objects and novel features of the
present invention will more fully appear from the following
detailed description when the same 1s read in conjunction
with the accompanying drawings. It 1s to be expressly under-
stood, however, that the drawings are for the purpose of
illustration only and are not intended as a definition of the
limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a functional block diagram of the image compres-
sion device related to the first embodiment of the present
ivention;

FIG. 2 1s a drawing for explaining the quantization table
used for the image compression device related to the first
embodiment of the present invention;

FIG. 3 1s a drawing for explaining the relation between the
quantization table and the file size used for the 1mage com-
pression device related to the first embodiment of the present
invention;

FI1G. 4 1s a drawing showing the original image data in the
image compression device as well as the particular data com-

pressed and after expanded related to the first embodiment of

the present invention;

FI1G. 5 1s a drawing for explaining calculation of the image
quality evaluation value in the 1mage compression device
related to the first embodiment of the present invention;
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FIG. 6 1s a drawing showing an approximation curve of the
image quality evaluation value calculated with the image
compression device related to the first embodiment of the
present invention;

FIG. 7 1s a flow chart showing the image quality evaluation
calculation process related to the first embodiment of the
present invention;

FIGS. 8A and 8B are drawings showing an example of an
original 1mage;

FIG. 9 15 a drawing showing the transform coetficients of
the original 1mage 1 FIG. 8;

FIG. 101s a drawing showing an example of a quantization
table:

FIG. 11 1s a drawing showing the quantized transiorm
coellicients based on the transform coellicients i FI1G. 9 with
the quantization table 1n FI1G. 10;

FIG. 12 1s a drawing showing the reconstructed transform

coellicients obtained by expanding the quantized transiform
coefficients in FIG. 11;

FIG. 13 1s a drawing showing the reconstructed image
using the Inverse Discrete Cosine Transform (IDCT) as
applied to the transform coetlicients in FIG. 12;

FIG. 14 1s a functional block diagram of the image com-
pression device related to the second embodiment of the
present invention;

FIG. 15 15 a block diagram showing the outline configura-
tion of the digital camera related to the third embodiment of
the present invention;

FIG. 16 1s a flow chart for explaining the procedure of the
still image photography mode 1n the digital camera related to
the third embodiment of the present invention;

FIG. 17 1s a flow chart for explaining the procedure of the
motion image photography mode in the digital camerarelated
to the third embodiment of the present invention;

FIG. 18 1s a flow chart for explaining the procedure of the
image quality preference compression mode 1n the digital
camera related to the third embodiment of the present inven-
tion;

FIG. 19 1s a flow chart for explaining the procedure of the
image quality preference compression mode 1n the digital
camera related to the third embodiment of the present mven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

The preferred embodiments of the present mnvention waill
hereinafter be described 1n detail with reference to the draw-
ngs.

The First Embodiment

FIG. 1 1s a functional block diagram of the image compres-
sion device related to the first embodiment of the present
invention.

FIG. 2 1s a drawing for explaining the quantization table
used for the image compression device related to the first
embodiment of the present invention.

FIG. 3 1s a drawing for explaining the relation between the
quantization table and the file size used for the 1mage com-
pression device related to the first embodiment of the present
invention.

FIG. 4 1s a drawing showing the original image data 1n the
image compression device as well as the particular data com-
pressed and after expanded related to the first embodiment of
the present invention.
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FIG. 5 1s a drawing for explaining calculation of the image
quality evaluation value in the 1mage compression device
related to the first embodiment of the present invention.

FIG. 6 1s a drawing showing an approximation curve of the
image quality evaluation value calculated with the image
compression device related to the first embodiment of the
present invention.

Referring to FI1G. 1, the image compression device related
to the first embodiment 1s 1nstalled 1n a microcomputer (dia-
gram omission) and inputted 1mage data 1s compressed by
software control. The microcomputer comprises the func-
tions of an 1image data acquisition section 9, a block dividing,
section 10, a Discrete Cosine Transtorm (DCT) operation
section 11, a block detection section 12 for use 1n 1mage
quality evaluations, a quantization table section 13, a quanti-
zation section 14, an entropy coder section 135, a block 1nput
section 16, an entropy decoder section 17, an inverse quanti-
zation section 18, an Inverse DCT (IDCT) operation section
19, a quantization table selection section 20, an 1image quality
evaluation value calculation section 21, a threshold value
adjustment section 22 and a data output section 23. The quan-
tization table section 13 has a plurality of quantization tables
which are stored in non-volatile memory (diagram omission)
such as an Flectrically Erasable Programmable Read-Only
Memory) EEPROM. In addition, even though needless to say,
the above-mentioned microcomputer has memory storage for
the program used to perform the 1mage compression process.
Theimage compression process 1s accomplished according to
the applicable program explained below.

The image data acquisition section 9 acquires the original
image data inputted from the exterior and the acquired origi-
nal image data 1s inputted into the block dividing section 10.
The block dividing section 10 divides the original image data
inputted from the image data acquisition section 9 into a
plurality of 8x8 pixel blocks and then mputs each block 1nto
the DC'T operation section 11. The DCT operation section 11
performs DCT conversion of the multi-value 1image on each
block mputted from the block dividing section 10 and trans-
form coelficients (the coetlicients obtained by performing
DCT conversion coding) are acquired. Accordingly, the trans-
form coelficients of the original 1mage data divided into a
plurality of blocks are obtained. Here, DCT 1s a transform that
converts the 1mage data displayed with a digital signal into 1t
constituent frequency components as represented by a set of
DCT coetlicients. Namely, this set consists of 64 values with
64 coellicients.

Subsequently, the block detection section 12 for image
quality evaluation detects a “block for image quality evalua-
tion value calculation” containing many high frequency com-
ponents from the transform coetlicients of each of the plural-
ity of blocks calculated by the DCT operation section 11
when the 1mage quality evaluation value calculation 1s
accomplished and then 1nputs the transform coetlicients of
the “block for image quality evaluation calculation” detected
into the quantization section 14. In addition, in selecting the
block with many high-frequency components, for example,
execution by the following methods 1s practicable. Namely,
the sum of squares of the transform coelficient elements of the
“high frequency components” or the sum of the absolute
values for each block 1s computed. Here, the range of the
transiorm coelficients representing the “high frequency com-
ponents” determined previously, for example using the trans-
form coetlicients of the lower right 4x4 positions, 1S com-
puted for the sum of squares within that range or sum of the
absolute values. Also, the block that can be determined by
several parameter methods, such as the block having the
highest value of this value; a plurality of blocks having pre-
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determined values greater than this value; or a predetermined
number of blocks from the highest ones of this value; etc., 1s
selected as the block for image quality evaluation value cal-
culation.

The quantization table section 13 has n quantization tables
(for example 256 quantization tables) 1n which the quantized
data in each level of the quantization tables 1s different. A
quantization table 1s specified by the quantization table selec-
tion section 20 when compressing the original 1mage and
when expanding the original image after compression which
1s provided to the quantization section 14 and the inverse
quantization section 18. The quantization table section 13
with n quantization tables as shown 1n FIG. 2 are assigned
numerical values ((1), (2). .., (n); hereinaiter denoted as the
“quantization table number”) for designating a quantization
table 1n which as the numerical value becomes smaller the
quantized data values becomes higher. In this occurrence, as
the compression ratio becomes higher to the extent that the
quantized data values become higher, the image quality also
deteriorates. Furthermore, the file size in compressing an
original image using each ol n quantization tables as shown 1n
FIG. 2 becomes smaller in proportion as the quantized data
values become higher as shown 1n FIG. 3. Here, FIG. 3 1s a
graph 1llustrating the file size after compression of an original
image 1n the vertical direction and a quantization table num-
ber taken along the horizontal direction. In addition, even
though the compression ratio of the original image relative to
the values of the quantization table number do not necessarily
reflect a proportional graph as shown 1n FIG. 3, 1t 1s desirable
to use a quantization table level which can be assumed to be
that which constitutes a proportional relation in terms of
approximation to a standard image.

Reverting back to FIG. 1, at the stage of image quality
evaluation value calculation, the quantization section 14
quantizes the transform coefficients of “the block for image
quality evaluation value calculation™ detected by the block
detection section 12 for image quality evaluation along with
the transform coelll

icients ol each of the boundary blocks
adjoining “‘the block for image quality evaluation value cal-
culation” using a quantization table supplied from the quan-
tization table section 13. Additionally, during image encoding
aiter calculating the image quality evaluation value, the trans-
form coetlicients for each of the plurality of blocks calculated
by the DCT operation section 11 are quantized using a quan-
tization table provided from the quantization table section 13.

The entropy coder section 15 performs entropy encoding
of the transform coelficients quantized by the quantization
section 14 and then compresses the image data and outputs to
the block input section 16. The block imnput section 16 takes in
the compressed data outputted from the entropy coder section
15 and 1nputs to the entropy decoder section 17. The entropy
decoder section 17 performs entropy decoding of the com-
pressed data mputted from the block mput section 16 using
Huflman coding, etc. and acquires the quantized transiorm
coellicients. Subsequently, the acquired quantized transform
coellicients are inputted into the inverse quantization section
18. The mverse quantization section 18 performs inverse
quantization of the quantized transform coeflicients inputted
from the entropy decoder section 17 using the quantization
table (the quantization table applied at the time of data com-
pression) supplied from the quantization table section 13 and
acquires the transform coelficients. Then, the acquired trans-
form coellicients are outputted to the Inverse DCT operation
section 19. The mverse DCT operation section 19 performs
inverse DCT conversion of the transform coellficients recon-
structed by the mverse quantization section 18 and acquires
the pixel values. Namely, the inverse DCT conversion of the
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transform coellicients reconstructed by the inverse quantiza-
tion section 18 1s performed and the pixel values are acquired
(Hereinafter, these pixel values are denoted as the “recon-
structed pixel values™). In addition, at the stage of 1mage
quality evaluation value calculation, inverse DCT transforms
only the transform coetlicients of the block for image quality
evaluation calculation and the transform coetficients of the
tour adjoining boundary blocks for image quality evaluation
calculation reconstructed by the imnverse quantization section
18. Accordingly, when each pixel value is reconstructed, this
technique 1s more suitable for reducing the number of opera-
tions (calculations). Then, the acquired reconstructed pixel
values are outputted to the image quality evaluation value
calculation section 21.

The image quality evaluation value calculation section 21
calculates the 1image quality evaluation value based on the
outputted reconstructed pixel values and the calculated image
quality evaluation value 1s inputted 1nto the quantization table
selection section 20.

Here, an example of the calculation method of the image

quality evaluation value 1s explained with reference to FIG. 4
and FIG. 5.

Although several vanants can be used as the calculation
method of the image quality evaluation value, here as shown
in FIG. 4, the high frequency components of “the block for
quality evaluation value calculation” contaiming many high
frequency components will decrease through compression of
the image by a quantization table. Accordingly, an example 1s
shown of the image quality evaluation method to observe the
characteristic in which reconstructed image pixel values con-
tain certain discontinuity (1mage defects) on the boundary of
the adjoining blocks.

Initially, 1n the 1image quality evaluation value calculation
section 21, the reconstructed pixel values of the block for
image quality evaluation calculation and each of the four
adjoining boundary blocks are computed. Then, as shown 1n
FIG. 5, the difference between the reconstructed pixel values
(A11...A81.. A88... Al18...Al1l) at the boundary edges
of the block BKh for image quality evaluation value calcula-
tion and the reconstructed pixel values (B18 . .. B88, E11 ..
.E18,D81...D11,(C88 ... (C81) at the side boundary edges
which border the block for image quality evaluation value
calculation and are among the pixels of each of the four
blocks on the boundary of the four adjoining blocks
BKnl1~BKn4 is calculated. As shown in formula (1) below,
the sum difference is calculated to acquire the 1mage quality
evaluation value. Furthermore, although the formula (1)
below 1llustrates an example which uses the sum of squares of
the difference values, the absolute value of each difference
value 1s computed. Computation by the sum of these absolute
values 1s also suitable as the image quality evaluation value.

8 (1)
Z {(Aif = Big)® + (A1 — Cg;)* + (Aig — Dip)* + (Asi — E1)*)
=1

Referring to FIG. 1, the quantization table selection section
20 directs provision of the self-specified quantization table
corresponding to the quantization table section 13 at the stage
of image quality evaluation value calculation to the quantiza-
tion section 14 and the mverse quantization section 18; as well
as corresponding to the quantization section 14, directs com-
pression of all the divided blocks using the quantization table
provided from the quantization table section 13; and corre-
sponding to the inverse quantization section 18, directs
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expansion of all the divided blocks using the quantization
table provided from the quantization table section 13. Subse-
quently, after 1ssuing these instructions, the 1mage quality
evaluation value 1s calculated by the image quality evaluation
value calculation section 21 and the value 1s saved.

This process 1s executed for each of a plurality of quanti-
zation tables 1n which the quantization table number differs
and the 1image quality evaluation value acquired 1n each 1s
saved. The specified plurality of quantization tables utilizes
quantization tables corresponding to a plurality of random
points (for example, four points) from a quantization table,
for instance, as shown 1n FIG. 3 with 256 quantization tables.
When the image quality evaluation value 1s calculated relative
to the block BKh for the image quality evaluation value
calculation from each quantization table of each of these four
points, an approximation curve graph 1s calculated in the
quantization table selection section 20 indicating variations
in the 1mage quality evaluation value when changing quanti-
zation table numbers using an approximation technique, such
as a cubic spline function, etc. based on these image quality
evaluation values.

After calculating an approximation curve, the differential
values 1n the approximation curve of each of the quantization
table numbers are compared with a predetermined threshold
value. Accordingly, the highest quantization table number
among the quantization tables in which the gradient 1s more
than the predetermined threshold value 1s detected, namely,
the table with the lowest compression ratio. Subsequently, the
quantization table number of the next higher value (the next
higher quantization table number) than that quantization table
number 1s selected 1n the quantization table selection section
20. In particular, the quantization table number of a quanti-
zation table which will reduce the file s1ze without deteriora-
tion of the image quality 1s calculated from the balance of the
image quality and the amount of data. In other words, the
predetermined threshold value is basically the mean 1mage
quality level setting of a quantization table number that
human vision can perceive as a superior or an inferior image.
Thus, considering the best balance between image quality and
the amount of 1image data, by using the next higher quantiza-
tion table number above the predetermined threshold level,
image quality and file size trade off 1s controlled 1n a more
eificient manner. Then, as the quantization table 1s specified
having the calculated quantization table number 1n the quan-
tization table section 13, instructions to compress the original
image data using the specified quantization table in the quan-
tization table section 13 are sent to the quantization section
14.

FIG. 6 1s one example of an approximation curve of the
image quality evaluation value relative to a standard table
when calculating the reciprocal of the image quality evalua-
tion value. Here, for illustration by an example description of
the 1mage quality evaluation value calculation method
described above, reciprocals are calculated for setting the
curve which chooses the high values at the time of high
resolution because the 1image quality evaluation value uses
the reconstructed image pixel values accompanied by the
characteristic which contains certain discontinuity (1mage
defects) on the boundary of the adjoiming blocks through
compression of the image by a quantization table. From this
approximation curve, the image quality evaluation value of
other than the selected four points can be acquired. The quan-
tization table selection section 20 compares the differential
values 1n the approximation curve with a predetermined
threshold value. Accordingly, the highest quantization table
number among the quantization tables 1n which the differen-
tial value 1s greater than the predetermined threshold value,
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namely, those which have the lowest compression ratio are
detected. Subsequently, the quantization table number of the
next higher value (the next higher quantization table number)
than that quantization table number 1s selected 1n the quanti-
zation table selection section 20. Accordingly, when com-
pared with the case where 1image compression 1s performed
with a specified quantization table and when an 1mage 1s
compressed using a one lower numbered quantization table
number rather than that specified quantization table, although
the 1mage compression ratio increases and i1mage quality
decreases. In this embodiment, the degree of decline of the
image quality evaluation value 1s constituted so as to be
judged by the differential value of the 1image quality evalua-
tion value. Also, when the degree of decline of the image
quality evaluation value 1s more than predetermined (Namely,
the calculated quantization table number changes to a one
lower numbered quantization table number which produces
image quality deterioration more than predetermined), the
quantization table threshold which will not cause such dete-
rioration (Namely, a one higher numbered quantization table
number than a quantization table number which produces
image quality deterioration more than predetermined) is
selected as the quantization table suitable for image compres-
s1on and used as the current processing object. In the quanti-
zation table selection section 20, the value of the threshold
value in comparison with the differential value of the approxi-
mation curve can be adjusted. The threshold value adjustment
section 22 adjusts the threshold value of the quantization table
selection section 20 and by this operation the threshold value
can be set to a discretionary value.

A data output section 23 performs output to the exterior of
the expanded original image data. In this case, expanded data
output 1s possible to reconstruct the compressed data of the
original image compressed and saved, for example, by way of
this device using the entropy decoder section 17, the 1nverse
quantization section 18 and the mverse DC'T operation sec-
tion 19. Since compression and expansion of the original
image can be accomplished with this device, application to a
digital camera or a video camera 1s simple.

Next, the operation of the image compression device of the
above-mentioned configuration will be explained.

When the original image data 1s acquired, the data 1s
divided 1nto a plurality of blocks, DCT transtorms each block
of the multi-value 1mage and their frequency distribution 1s
acquired. Then, the block with many high frequency compo-
nents from among the frequency distributions 1s detected as
the block BKh for image quality evaluation value calculation.
Here, the block for image quality evaluation value calculation
1s also applicable using a plurality of blocks. Next, the pre-
determined number of quantization tables (for example, four
tables) 1in which the quantized data values in each differ are
applied to all divided blocks which are compressed and
expanded with each quantization table. Subsequently, the
image quality evaluation value of the compressed image from
when the 1image 1s compressed with each quantization table 1s
computed by using the block BKh for image quality evalua-
tion value calculation after expansion and the original block
BKh. In addition, a detailed example of the calculation
method of the actual image quality evaluation value will be
described later. Then, based on the 1mage quality evaluation
value relative to the block BKh for image quality evaluation
value calculation with each quantization table, an approxima-
tion curve graph indicating variations of the image quality
evaluation values when changing quantization table numbers
1s calculated using an approximation method, such as a cubic
spline function. Next, the differential values of the approxi-
mation curve 1in each quantization table number are compared
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with the predetermined threshold value. Accordingly, the
highest quantization table number among the quantization
tables 1n which the gradient 1s more than the predetermined
threshold value 1s detected, namely, the table with the lowest
compression ratio 1s detected. Subsequently, the quantization
table number of the next higher value (the next higher quan-
tization table number) than that quantization table number 1s
selected 1n the quantization table selection section 20. Later,
the original image data 1s compressed using the quantization
table having the calculated quantization table number.

Next, referring to the tlow chart shown in FIG. 7 and FIGS.
8-13, the detailed operation of the image quality evaluation
value calculation method of the above-mentioned configura-
tion will be explained.

FIG. 7 1s a flow chart showing the image quality evaluation
calculation process related to the first embodiment of the
present 1nvention.

FIGS. 8A and 8B are drawings showing an example of an
original image.

FIG. 9 15 a drawing showing the transform coelficients of
the original 1mage 1n FIG. 8.

FIG. 10 1s a drawing showing an example of a quantization
table.

FIG. 11 1s a drawing showing the quantized transform
coellicients based on the transform coetficients 1n F1G. 9 with
the quantization table 1n FIG. 10.

FIG. 12 1s a drawing showing the reconstructed transform
coellicients obtained by expanding the quantized transiform
coellicients 1n FIG. 11.

FIG. 13 1s a drawing showing the reconstructed image
using IDCT as applied to the transform coetficients 1n FIG.
12.

Initially, as shown in FIG. 8 A and for example based on an
original 1image data of 640x480 pixels, the image 1s divided
into a plurality of pixel blocks which constitutes a series of
8x8 blocks of pixels. Next, DCT conversion 1s performed on
cach of the plurality of divided blocks, and the high frequency
components and the low frequency components 1n each block
are extracted (Step S10). Namely, in each of the plurality of
divided blocks 1n order to spectrally analyze the ratio of the
contained high frequency components and the low frequency
components, DCT conversion 1s performed relative to each
block. FIG. 9 relates to the block of FIG. 8B indicating the
DCT coetlficients (the coelficients obtained by performing
DCT conversion coding) which shows the important low
frequency components i1n the upper left corner of the 8x8&
DCT output matrix and the lower right coeltlicients represent
high frequency components.

In this manner, after dividing the original image data into a
plurality of pixel blocks consisting of 8x8 blocks of pixels
and performing DCT conversion on each block, the block
with many high frequency components is searched for among
cach of the blocks and that block 1s set as the block BKh for
image quality evaluation value calculation (Step S12). That
1s, each of the blocks are searched for the block containing
many high frequency components in the lower right positions
and set as the block BKh for image quality evaluation value
calculation.

Subsequently, the DCT transform coelficients of all blocks
are compressed and the quantized transform coelficients after
compression are expanded (Step S14). Here, though a stan-
dard quantization table 1s used in the compression process
and expansion process, for example, when one block shown

in FI1G. 9 1s compressed with the quantization table shown 1n
FI1G. 10, the DCT wvalues of the block become as shown 1n
FIG. 11. In this case, the values of FIG. 9 are divided by the

values which correspond to FIG. 10 and the quotients are
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rounded oif to the nearest integer. The same compression
process principle 1s applied to the transform coelficients for
all the blocks. Conversely, during expansion a reverse proce-
dure (1nverse quantization) to compression 1s taken and the
values of the quantization table 1n FIG. 10 are multiplied by
the values 1n FIG. 11 and the transform coellicients are recon-
structed. The reconstructed transform coellicients are shown
in FIG. 12. In this case, though FIG. 9 and FIG. 12 should
ideally retlect the same values, because of rounding oif to the
nearest integer as described above in the compression process
the values are not exactly 1n agreement.

Thus, after reconstructing the original transform coetfi-
cients from the quantized transform coetficients of all the
compressed blocks, mverse DCT conversion 1s performed
and the original image data 1s reconstructed. FIG. 13 1s the
image data of one reconstructed block. Subsequently, the sum
difference 1s calculated between the pixel values just inside
the edges of the block BKh for image quality evaluation value
calculation (Referred to as reconstructed pixel values) and the
reconstructed pixel values at the edge sides which border the
block for image quality evaluation value calculation for each
ol the four boundary blocks BKn1~BKn4 adjoining the block
for image quality evaluation value calculation and further the
sum difference (sum of squares, sum of the absolute values) 1s
calculated. Then, the calculated sum difference 1s outputted
as the 1image quality evaluation value (Step S18).

Thus, according to the image quality evaluation value cal-
culation related to this embodiment, the original image datais
divided into a plurality of blocks, DCT conversion 1s per-
formed and the transform coellicients are calculated. Those
blocks which contain many high frequency components
among the plurality of calculated transform coelficients are
detected and the block corresponding to that 1s set as the block
for image quality evaluation calculation. Also, the transform
coellicients for the plurality of blocks each calculated by
DCT conversion are then compressed using a predetermined
quantization table. Further, each of the plurality of com-
pressed quantized transform coelficients 1s expanded using
the quantlzatlon table used at the time of compression. Then,
the inverse DCT conversion of the plurality of reconstructed
transform coellicients by expansion 1s performed. Accord-
ingly, the pixel values just mside the edges of the block for
image quality evaluation value calculation are acquired.
These values are then calculated for difference of the pixel
values at the edge sides which border the block for image
quality evaluation value calculation for each of the boundary
blocks adjoining the block for image quality evaluation value
calculation. The result 1s the 1image quality evaluation value
relative to a predetermined quantization table.

In addition, in the above-mentioned embodiment, the
image evaluation value 1s computed from four selected quan-
tization tables. Further, the approximation curve of a standard
table relative to the 1image quality evaluation value 1s calcu-
lated using a cubic spline function based on four computed
image evaluation values. However, since what 1s necessary 1s
only to be able to calculate the smooth curve line which
passes through the four image values (or approximates), other
interpolation methods may be used without being limited to
an approximating cubic spline function.

Moreover, in the above-mentioned embodiment, though
the calculated point at which an excellent compression ratio 1s
achievable from the gradients in the approximation curve, the
method can be made to compare the values of the image
quality evaluation value 1tself with a predetermined thresh-
old. By this method, because there 1s balance 1n the dynamic
range (within the range a value changes) of the image quality
evaluation value, as an enhancement a method between the
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maximum range and the minimum of the image quality evalu-
ation value, for example, to the point which 1s decreased
haltway or to the point which 1s decreased up to a predeter-
mined ratio has also been considered.

Moreover, by the image quality evaluation method 1n the
embodiment, although the block with many high frequency
components 1s set as the block for image quahty evaluation
value calculation, for example, 1t 1s also eflective in using all
the blocks that are included more than a quantity with certain
high frequency components as the block for image quality
evaluation calculation.

Furthermore, in the embodiment, although the image qual-
ity evaluation value 1s calculated by software control using a
microcomputer, naturally 1t1s also practicable to calculate the
image quality evaluation value with a hardware configura-
tion. In this case, each section of FIG. 1 1s only connected by
hardware.

Also, 1in the above-mentioned embodiment, the original
image data 1s divided into a plurality of blocks with the
frequency distribution for each block examined and the image
quality evaluation value is calculated based on the block with
many high frequency components. Although an excellent
quantization table is selected using the calculated image qual-
ity evaluation value and the original image 1s compressed,
there are various calculation methods of the 1image quality
evaluation value proposed in the past which can be used. As a
method of calculating the 1image quality evaluation value
previously, for example, are each of the inventions disclosed

in Japanese Laid-Open Patent Application (Kokai) (A) No.
10-200893  (1998), title “IMAGE EVALUATING

METHOD;” Japanese Laid-Open Patent Application (Kokai)
(A) No. 08-205156 (1996), title “PICTURE QUALITY
EVALUATING DEVICE FOR DIGITALLY COM-
PRESSED AND REPRODUCED IMAGE;” Japanese Laid-
Open Patent Application (Kokai) (A) No. 08-195888 (1996),
title “PICTURE QUALITY EVALUATING DEVICE;”
Japanese Laid-Open Patent Application (Kokai) (A) No
07-184062 (1995), title “PICTURE QUALITY EVALUA-
TION SYSTEM;” Japanese Laid-Open Patent Application
(Kokai) (A) No. 06-334988 (1994), title “COMPRESSED
PICTURE EVALUATING METHOD AND PICTURE
DATA COMPRESSING AND DISPLAYING DEVICE;”
and Japanese Laid-Open Patent Application (Kokai) (A) No
06-125545 (1994), title “IMAGE QUALITY EVALUATING
METHOD FOR IMAGE COMPRESSING AND EXPAND-
ING DEVICE.”

The Second Embodiment

In the above-mentioned first embodiment, 1n compressing,
and afterwards expanding all the blocks, the 1mage quality
evaluation value 1s calculated from the block with many high
frequency components among all of the blocks and the four
boundary blocks adjoining that block. In the second embodi-
ment, those blocks which have many high frequency compo-
nents from the transform coetiicients of all blocks that
undergo DC'T conversion are selected. The block (Namely,
the “block for image quality evaluation value calculation™)
corresponding to the transform coeflicients and the four
boundary blocks adjoining that block are compressed and
expanded. Furthermore, inverse DCT conversion of these five
blocks 1s performed and the image quality evaluation value 1s
calculated from five acquired reconstructed images.

FIG. 14 1s a functional block diagram of the image com-
pression device for actualizing the image quality evaluation
value calculation method related to the second embodiment

of the present invention.
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In addition, 1n FIG. 14 since the other sections except for
the block detection section 12A for image quality evaluation
have the same functions as the corresponding sections 1n FIG.
1 and mentioned above, the equivalent nomenclature 1s
applied to these sections having the same function.

In the block detection section 12 A for image quality evalu-
ation of the second embodiment, while detecting the block
(Namely, the “block for image quality evaluation value™)
containing many high frequency components among all the
transform coelficients acquired by performing DCT conver-
sion 1n the DCT operation section 11 and outputted to the
quantization section 14, the transform coelficients of each of
the four boundary blocks adjoining the detected block for
image quality evaluation value are also outputted to the quan-
tization section 14. Accordingly, in the block detection sec-
tion 12A for image quality evaluation, only the transform
coellicients of the block for image quality evaluation value
calculation and each of the four boundary blocks adjoining
the block for quality evaluation value calculation are output-
ted to the quantization section 14.

At the stage of 1image quality evaluation calculation, the
transform coellicients of the “block for image quality evalu-
ation value calculation™ detected 1n the block detection sec-
tion 12A for image quality evaluation and the transform coet-
ficients of each of the boundary blocks adjoining the “block
for image quality evaluation value calculation” are quantized
using the quantization table supplied from the quantization
table section 13. Also, at the stage of image compression after
calculating the 1image quality evaluation value, the transform
coellicients of each of a plurality of blocks calculated by the
DCT operation section 11 are quantized using the quantiza-
tion table supplied from the quantization table section 13.
Then, 1n any case, the quantized transform coellicients are
outputted to the entropy coder section 15. The entropy coder
section 15 performs further data compression of the quan-
tized transform coellicients corresponding to each of the four
boundary blocks adjoining the block for image quality evalu-
ation value calculation with techniques, such as Huflman
coding, etc. and outputs to the block mput section 16. The
block mput section 16 takes in the compressed data from the
entropy coder section 15 and outputs to the entropy decoder
section 17. The entropy decoder section 17 performs the
entropy decoding of the inputted compressed data inputted
from the block input section 16 using Huffman coding, etc.
and acquires the quantization transform coellicients corre-
sponding to each of the four boundary blocks adjoining the
block for image quality evaluation value calculation and out-
puts to the inverse quantization section 18.

The mverse quantization section 18 performs inverse quan-
tization and acquires the transiform coelficients of the quan-
tized transform coellicients corresponding to each of the four
boundary blocks adjoining the block for image quality evalu-
ation value calculation using the quantization table supplied
from the quantization table section 13. The mverse DCT
operation section 19 performs 1mverse DCT conversion of the
transform coellicients corresponding to each of the four
boundary blocks adjoining the reconstructed block for image
quality evaluation value calculation and acquires the image of
cach block. The image quality evaluation value calculation
section 21 calculates the 1mage quality evaluation value from
the reconstructed images of the block for image quality evalu-
ation value calculation and each of the four boundary blocks
adjoining the block for image quality evaluation value calcu-
lation. The 1image quality evaluation value 1s acquired by the
equivalent computation as in the first embodiment.

As stated above, according to the image quality evaluation
value calculation method related to second embodiment, the
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original image data 1s divided into a plurality of blocks, DCT
conversion 1s performed and the transform coelficients are
calculated. Those blocks which contain many high frequency
components among the plurality of calculated transiform
coellicients are detected and the block corresponding to that
1s set as the block for image quality evaluation value calcula-
tion. Subsequently, only the transform coellicients corre-
sponding to the block for image quality evaluation value
calculation and each of the four boundary blocks adjoining
that block are compressed using a predetermined quantiza-
tion table and further expanded. Next, inverse DC'T conver-
sion of the transform coellicients of each of the boundary
blocks adjoining the block for image quality evaluation 1s
performed and afterwards reconstructed by expansion.
Finally, the pixel values of the image edge sides of the block
for image quality evaluation value calculation are acquired.
These values are then calculated for difference of the pixel
values at the edge sides which border the block for image
quality evaluation value calculation for each of the boundary
blocks adjoining the block for image quality evaluation value
calculation. The result 1s the 1mage quality evaluation value
relative to the above-mentioned quantization table.

The Third Embodiment

FIG. 15 15 a block diagram showing the outline configura-
tion of the digital camera related to the third embodiment of
the present invention.

Referring to FI1G. 15, the digital camera 30 configuration
related to the third embodiment comprises a Charged-
Coupled Device (CCD) 31, a Dagital Signal Processor (DSP)/
Central Processing Unit (CPU) 32, a Timing Generator (TG)
33, aunit circuit 34, a main display 35, a key input section 36,
an audio processing section 37, an address data bus 38, a
Dynamic Random Access Memory (DRAM) 39, a built-in
flash memory 40, a card interface (I/'F) 41 and a memory card
42.

The DSP/CPU 32 1s a one chip microcomputer that has
various kinds of digital signal processing functions including
compression and expansion of image data and processing of
audio data, as well as executes a program that has the function
to control each section of the digital camera 30. Specifically,
the DSP/CPU 32 has the function to compress and save pho-
tographed 1mages by image quality preference and 1s
executed by selecting an 1mage quality preference compres-
sion mode. In this case, the image quality preference com-
pression process 1s programmed to comprise the 1mage com-
pression process of the image compression device related to
the first embodiment mentioned above and the equivalent
process.

In DSP/CPU 32, the TG 33 that drives CCD 31 1s con-
nected as well as the TG 33 1s connected to the unit circuit 34
where the analog 1imaging signal 1s inputted corresponding to
the optical image of the photographed object and outputted
from CCD 31. The unit circuit 34 comprises a Correlated
Double Sampling (CDS) circuit performs a correlated double
signal sampling process and holds the imaging signal output-
ted from CCD 31, an Automatic Gain Control (AGC) which
amplifies the imaging signal and an Analog/Digital (A/D)
converter which converts the imaging signal after amplifica-
tion 1nto a digital signal. The output signal of the CCD 31 1s
sent to DSP/CPU 32 as a digital signal through the unit circuit
34.

The DSP/CPU 32 1s also connected to the main display 35,
the key 1input section 36 and the audio processing section 37.
Further, the DRAM 39, the built-in flash memory 40 and the

card I/F 41 are each connected via the address data bus 38.
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The card I/F 41 1s connected to the memory card 42 which 1s
detachable and installable into a slot of the digital camera
body (not i1llustrated).

The main display 33 contains a color Liquid Crystal Dis-
play (LCD) and 1ts drniver circuit. When in the recording
standby state, the object image picked up by the CCD 31 1s
shown as a through image. Upon playback of recorded
images 1n storage memory, the recorded 1mages which are
read-out from the memory card 42 and expanded are shown.
The key iput section 36 outputs keystroke signals to the
DSP/CPU 32 corresponding to the key operations by the user
including a plurality of operation keys, such as the shutter
button (haltway pressed, fully pressed), the recording start/
stop button used for motion recording, the power supply key,
the menu key, efc.

The audio processing section 37 includes a built-1n micro-
phone, amplifier, A/D converter, etc. During the recording of
still images or motion 1mages with audio, the audio mputted
into the built-in microphone 1s converted into a digital signal
and sent to DSP/CPU 32. Sequential accumulation of the
audio data sent to DSP/CPU 32 1s accomplished in DRAM
39. Finally, image data generated by DSP/CPU 32 1s stored 1n
the memory card 42. Additionally, during playback of still
images or motion 1mages with audio, the audio processing
section 37 plays back the sound based on the audio data
attached to each image and performs audio output from a
built-in speaker (diagram omission). Also, 1f necessary, vari-
ous kinds of informational sounds are audible with the built-
in speaker.

The DRAM 39 1s a buffer memory which temporarily
stores the 1image data of the digitized photographed object,
etc. alter being picked up by the CCD 31 and used also as the
working memory ol DSP/CPU 32. Movie files stored 1n the
memory card 42 are recorded via the card I'F 41 and the
address data bus 38. Thus, the process necessary for editing
work can be performed.

In the built-in flash memory 40, there 1s a control program
necessary for controlling each section according to DSP/CPU
32. Specifically, this program executes various modes sup-
plied by the digital camera, such as a still image photography
mode, a motion 1mage photography mode, an image quality
preference compression mode, etc., as well as controls the
threshold value (Refer to Step S29 of FIG. 19), etc. used in the
image quality preference compression mode for storage
which will be described later, and the DSP/CPU 32 operates
by the above-mentioned program.

Next, the operation of the digital camera 30 of the above-
mentioned configuration will be explained.

(The St1ll Image Photography Mode Procedure)

FIG. 16 15 a tlow chart for explaining the procedure of the
DSP/CPU 32 1n the still image photography mode of the
digital camera related to the third embodiment of the present
ivention.

When a user operates the key mput section 36 and sets the
still image photography mode to take a picture of a scene or
scenery which 1s photographed with the digital camera 30, the
photographed 1mage can then be stored on a memory card,
etc.

Specifically, when the above-mentioned still image pho-
tography mode 1s set, the DSP/CPU 32 will start the photog-
raphy with the CCD 31 displaying a through image of the
photographed object on the main display 34 (Step S1). Here,
a through 1image 1indicates the 1mage being currently photo-
graphed 1s viewable by the CCD 31. For example, the DRAM
39 15 storing the object picked up by the CCD 31 and actual-
1zes by showing the stored image on the display screen.
Theretfore, when the object picked up by the CCD 31 changes,
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the stored image in the DRAM 39 1s updated and the image
showing on the display screen also changes momentarily. In a
through 1mage display state, although the image stored 1n the
DRAM 39 1s viewable, the data of the 1mage 1s not stored on
the memory card 42 and 1n a status where the image data1snot
saved.

Next, 1n the state where the through 1image 1s viewable,
when the operation judges the shutter button has been hali-
way pressed by the user (Step S2), Auto Focus (AF) process-
ing 1s initiated (Step S3). Then, terminating the AF processing
will effect a through 1mage display (Step S4). This through
image display 1s continued until the shutter button 1s fully
pressed (at Step SS branches to “NO”).

When the shutter button is fully pressed from the halfway
pressed state (Step S3), still image photography processing
will be mitiated until terminated (Step S6). Then, after pho-
tographing a still image, a still image file 1s generated and
compressed using the still image data expanded 1n the buifer
memory (DRAM 39) and then stored to the memory card 42
(Step S7). At the stage of compressing the still image file, an
image quality preference compression mode described later
1s executed and compression of this still image file 1s per-
formed using an advantageous quantization table. Then, the
operation returns to Step S1. By repeating this operation,
sequential recording of still 1images 1s accomplished to the
memory card 42 and this plurality of still image files are
stored 1n the memory card 42.

(The Motion Image Photography Mode Procedure)

FIG. 17 1s a flow chart for explaining the procedure of the
DSP/CPU 32 in the motion 1image photography mode of the
digital camera related to the third embodiment of the present
ivention.

When a user operates the key input section 36 and sets the
motion image photography mode to make a motion image
recording of a scene or scenery which 1s captured with the
digital camera 30, the recorded motion 1images can then be
stored 1n the memory card, etc.

Specifically, when the above-mentioned motion i1mage
photography mode 1s set, the DSP/CPU 32 will start record-
ing with the CCD 31 displaying a through image of the
photographed object on the main display 35 (Step S10). A
through 1mage indicates the motion 1mages being currently
photographed are viewable by the CCD 31 as mentioned
above.

Next, in the state where the through 1mage 1s viewable,
when the operation judges the recording “START” button has
been pressed by the user (Step S11), the motion 1mage pho-
tography processing to record and store motion 1mages (Imo-
tion frames) at the predetermined frame rate (standard NTSC
fixed cycle of 1/30 frames of a second) 1s 1itiated (Step S12).
A through 1image display continues until the recording start
button 1s pressed.

Otherwise 11 the recording “STOP” button 1s pressed (Step
S13) or after motion 1image photography starts as soon as a
predetermined time (for example, 30 seconds) has elapsed
(Step S14), results in motion 1mage photography stoppage
(Step S15). At the stage of compressing the motion image file,
an 1mage quality preference compression mode described
later 1s executed and compression of the motion image file 1s
performed using an advantageous quantization table. Particu-
larly, in compressing motion images because there 1s a ten-
dency to make the compression ratio higher than when com-
pressing a still image, 1n the processing at Step S29 (Refer to
FIG. 19) 1n the image quality preference compression mode
described later, the threshold value 1s adjusted to a higher
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value than for still image photography and a quantization
table with a higher compression ratio greater than still image
photography 1s applied.

After processing Step S16, the operation reverts to Step

S10. By repeating this operation, sequential recording of 5

motion 1image {iles 1s accomplished to the memory card 42
and this plurality of motion 1mage files are stored in the
memory card 42. If the recording “STOP” button 1s not
pressed Step S13 or 30 seconds have not elapsed after motion
image photography processing 1s initiated (Step S14 being
“NO”), the operation reverts to Step S13. Until the recording
“STOP” button 1s pressed or 30 seconds elapses, the motion
image photography processing continues.

(The Image Quality Preference Compression Mode Proce-
dure)

FIGS. 18 and 19 are flow charts for explaining the proce-
dure 1n the DSP/CPU 32 of the image quality preference
compression mode 1n the digital camera related to the third
embodiment of the present invention.

Initially, the original 1image data 1s divided mnto a plurality
of blocks and DCT conversion of each block 1s performed
(Step S20). Subsequently, the block which contains many
high frequency components from the transform coetlicients
acquired by DCT conversion 1s searched for and set as the
block BKh for image quality evaluation calculation (Step
S21). Next, one of the quantization tables among a predeter-
mined number (for example, four tables) determined previ-
ously 1s selected (Step S22). Then, the image data of the block
for image quality evaluation value calculation and each of the
boundary blocks BKnl~BKnd (Refer to FIG. 5) adjoining
that block 1s compressed using the selected quantization table

and further each 1mage data after being compressed 1is
expanded (Step S23).

Next, the pixel values just 1mnside the edges of the block
BKh for image quality evaluation value calculation after
expansionand each of the four boundary blocks BKn1~-BKn4
adjoining the block BKh for image quality evaluation value
calculation are calculated for the sum () difference of the
pixel values at the edge sides which border the block BKh for
image quality evaluation value calculation (Step S24). Then,
the calculated sum () 1s set as the 1mage quality evaluation
value of the quantization table currently selected (Step S235).
After calculating the image quality evaluation value of the
quantization table currently selected, the operation judges
whether or not calculation of the image quality evaluation
value for all of the quantization tables of a predetermined
number (for example, four tables) specified previously 1s
finished (Step S26). In this judging process, when calculation
of the image quality evaluation value has not been finished for
all of the quantization tables, the next quantization table 1s
selected (Step S27). The operation reverts to Step S23 and the
image data of the block BKh for image quality evaluation
value calculation and each of the four boundary blocks
BKnl1~BKn4 adjoining the block BKh using the next quan-
tization table 1s compressed, expanded and the image quality
evaluation value 1s calculated. Conversely, 1n the judging
process of Step S26, when calculation of the 1image quality
evaluation value among all the quantization tables 1s finished,
the processing continued 1n the flow chart shown 1n FIG. 19 1s
executed.

After finishing calculation of the image quality evaluation
values among all the quantization tables, an approximation
curve graph 1s calculated indicating variations in the image
quality evaluation value when changing quantization table
numbers using an approximation technique, such as a cubic
spline function, etc. based on the image quality evaluation
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value relative to the block BKh for image quality evaluation
value calculation of each quantization table (Step S28).

Next, the highest quantization table number among the quan-
tization tables 1n which the gradient 1s more than the prede-
termined threshold value 1s detected, namely, the table with
the lowest compression ratio. Subsequently, the quantization
table number of the next higher value (the next higher quan-
tization table number) than that quantization table number 1s
selected 1n the quantization table selection section 20. Finally,
the original 1image data 1s compressed and saved using the
quantization table having the calculated quantization table

number (Step S30).

INDUSTRIAL APPLICABILITY

The present invention 1s applicable to image photography
devices, such as a digital camera and a video camera. Addi-
tionally, a cellular phone with a photography function, a wrist
watch, a Personal Digital Assistant (PDA), a personal com-
puter which does not have a photography function, etc. 1s
suificient. In short, 1n a device with a photography function or
a device which can record image data, any device 1s accept-
able.

While the present invention has been described with refer-
ence to the preferred embodiments, 1t 1s intended that the
invention be not limited by any of the details of the descrip-
tion thereof.

As this invention can be embodied in several forms without
departing from the spirit of the essential characteristics
thereol, the present embodiments are therefore illustrative
and not restrictive, since the scope of the invention 1s defined
by the appended claims rather than by the description preced-
ing them, and all changes that fall within metes and bounds of
the claims, or equivalence of such metes and bounds thereof
are mtended to be embraced by the claims.

What 1s claimed 1s:

1. An 1mage compression method for compressing image
data based on 1image quality comprising:

a step which compresses an original image using a plurality
of quantization tables wherein one or more factor values
in a quantization table 1s different;

a step which calculates an image quality evaluation value
of said compressed 1mage using an 1mage quality evalu-
ation function defined in advance;

a step which calculates an approximation curve to indicate
the relationship between an image quality evaluation
value and a quantization table using said image quality
evaluation value of said original image for each of said
plurality of quantization tables;

wherein a quantization table number 1s determined corre-
sponding to a quantization table for compressing said
original image based on said approximation curve; and

a step which compresses said original image using the
same quantization table of said determined quantization
table number.

2. The image compression method according to claim 1,
wherein said approximation curve 1s calculated with a cubic
spline function based on said image quality evaluation value
for each quantization table.

3. The image compression method according to claim 1,
wherein as a determining method of said same quantization
table number corresponding to a quantization table used dur-
ing compression of said original image, the differential values
ol said approximation curve corresponding to each quantiza-
tion table are compared with a predetermined threshold value;
and
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said same quantization table number with the highest
placement of each factor value 1n a quantization table
wherein said differential values take a value within a
predetermined range among said plurality of quantiza-
tion tables 1s determined as said same quantization table
number corresponding to a quantization table used dur-
ing compression of said original image.
4. The image compression method according to claim 1,
wherein as a determining method of said same quantization
table number corresponding to a quantization table used dur-
ing compression of said original image, said approximation
curve corresponding to each quantization table 1s compared
with a predetermined threshold value; and
said same quantization table number with the highest
placement of each factor value 1n a quantization table
wherein said differential values of said approximation
curve are not lower than said threshold value among the
said plurality of quantization tables 1s determined as said
same quantization table number corresponding to a
quantization table used during compression of said
original image.
5. The image compression method according to claim 1,
wherein as a determining method of said same quantization
table number corresponding to a quantization table used dur-
ing compression of said original image,
said same quantization table number which 1s decreased up
to a predetermined ratio between maximum and mini-
mum of said approximation curve 1s determined as said
same quantization table number corresponding to a
quantization table used during compression of said
original image.
6. An 1image compression method for compressing image
data based on 1mage quality comprising:
dividing the original image data into a plurality of blocks;
performing Discrete Cosine Transform on each of said
plurality of divided blocks which calculates the trans-
form coetlicients and which detects a block with many
high frequency components as the block for image qual-
ity evaluation value calculation from said transform
coellicients of each of said plurality of blocks;
said detected block for image quality evaluation value cal-
culation and each of the boundary blocks adjoining said
detected block for image quality evaluation value calcu-
lation are compressed using a plurality of quantization
tables wherein one or more factor values 1n a quantiza-
tion table 1s different;
said compressed block for image quality evaluation value
calculation and said each compressed boundary block
adjoining said compressed block for image quality
evaluation value calculation are expanded using the
same quantization table used 1n said compression;

calculating an 1mage quality evaluation value relative to
cach quantization table by using the difference of the
pixel values at the edge sides which border the block for
the 1mage quality evaluation value which are the pixel
values at the edges of the block for image quality evalu-
ation value calculation and each of the boundary blocks
adjoining the block for image quality evaluation value
calculation after expansion for each of the quantization
tables;

an approximation curve 1s calculated indicating the rela-

tionship between said image quality evaluation value
and said each quantization table;

wherein based on said approximation curve a quantization

table number 1s determined corresponding to a quanti-
zation table used during compression of said original
image; and
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said original image 1s compressed using said same quanti-
zation table of said determined quantization table num-
ber.

7. The image compression method according to claim 6,
wherein said approximation curve 1s calculated with a cubic
spline function based on said image quality evaluation value
for each quantization table.

8. The image compression method according to claim 7,
wherein as a determining method of said same quantization
table number corresponding to a quantization table used dur-
ing compression of said original image, the differential values
of said approximation curve corresponding to each quantiza-
tion table are compared with a predetermined threshold value;
and

saild same quantization table number with the highest

placement of each factor value in a quantization table
wherein said differential values take a value within a
predetermined range among said plurality of quantiza-
tion tables 1s determined as said same quantization table
number corresponding to a quantization table used dur-
ing compression of said original 1image.

9. The image compression method according to claim 7,
wherein as a determining method of said same quantization
table number corresponding, to a quantization table used
during compression of said original 1mage, said approxima-
tion curve corresponding to each quantization table 1s com-
pared with a predetermined threshold value; and

saild same quantization table number with the highest
placement of each factor value in a quantization table
wherein said differential values of said approximation
curve are not lower than said threshold value among the
said plurality of quantization tables 1s determined as said
same quantization table number corresponding to a
quantization table used during compression of said
original image.

10. The image compression method according to claim 7,
wherein as a determining method of said same quantization
table number corresponding to a quantization table used dur-
ing compression of said original image,

said same quantization table number which 1s decreased up

to a predetermined ratio between maximum and mini-
mum of said approximation curve 1s determined as said
same quantization table number corresponding to a
quantization table used during compression of said
original image.

11. An 1mage compression program embodied 1 a com-
puter-readable medium which compresses 1image data of a

photographed object with a photography device 1n a computer
includes:

a block dividing process which divides the original image
data 1nto a plurality of blocks;

a DCT operation process which applies Discrete Cosine
Transform to each of a plurality of divided blocks;

a block detection process for image quality evaluation
value calculation which detects a block with many high
frequency components from the transtorm coelficients
of each of a plurality of blocks acquired by Discrete
Cosine Transform as the block for image quality evalu-
ation value calculation;

a compression process which compresses for each of every
quantization table the detected block for image quality
evaluation value calculation and each of the boundary
blocks adjoining the block for image quality evaluation
value calculation using a plurality of quantization tables
wherein one or more of the factor values 1n a quantiza-
tion table 1s different;
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an expansion process which expands using the same quan-
tization table as during compression relative to each
compressed block for 1image quality evaluation value
calculation and each of the boundary blocks for image
quality evaluation calculation;

an 1mage quality evaluation value calculation process
which calculates an image quality evaluation value rela-
tive to each quantization table for the difference of the
pixel values at the edge sides which border the block for
the image quality evaluation value calculation which are
the pixel values at the edges of the block for image
quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality
evaluation value calculation after expansion for each of
the quantization tables;

an approximation curve which calculates an approxima-
tion curve indicating the relationship between said
image quality evaluation value and said each quantiza-
tion table;

a quantization table number determination process which
determines a quantization table number corresponding
to a quantization table used during compression of the
original 1image based on the calculated approximation
curve; and

an original 1mage data compression process which com-
presses the original 1mage data using a quantization
table which has a determined quantization table number.

12. An 1image compression device comprises:

an 1mage quality evaluation means which evaluates the
image quality of that compressed original image during
compression of the original 1image using a plurality of
quantization tables 1n which the quantized data 1s differ-
ent,

an approximation curve calculating means which calcu-
lates an approximation curve indicating the relationship
between each of the quantization tables and the 1image
quality evaluation value;

a quantization table number determination means which
determines a quantization table number corresponding
to a quantization table used during compression of the
original 1mage based on the calculated approximation
curve; and

an original 1mage data compression means which com-
presses the original 1mage data using a quantization
table which has the determined quantization table num-
ber.

13. The image compression device according to claim 12,
wherein the approximation curve calculation means an
approximation curve 1s calculated with a cubic spline func-
tion based on the 1image quality evaluation value for each
quantization table.

14. The image compression device according to claim 13,
wherein the quantization table number determination means
the differential values of the approximation curve corre-
sponding to each quantization table are compared with a
predetermined threshold value; and

a quantization table number with the highest placement of
cach factor value 1in a quantization table wherein said
differential values take a value within a predetermined
range among the quantization tables 1s determined as a
quantization table number corresponding to a quantiza-
tion table used during compression of said original
image.

15. The image compression device according to claim 13,
wherein the quantization table number determination means
the approximation curve corresponding to each quantization
table 1s compared with a predetermined threshold; and
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a quantization table number with the highest placement of
cach factor value 1in a quantization table wherein said
differential values of said approximation curve are not
lower than said threshold value among the quantization
tables 1s determined as a quantization table number cor-
responding to a quantization table used during compres-
sion of said original image.

16. The image compression device according to claim 13,
wherein the quantization table number determination means a
quantization table number which 1s decreased up to a prede-
termined ratio between maximum and minimum of said
approximation curve 1s determined as a quantization table
number corresponding to a quantization table used during
compression of said original 1image.

17. The image compression device according to claim 12,
wherein the quantization table number determination means
the differential values of the approximation curve corre-
sponding to each quantization table are compared with a
predetermined threshold value; and

a quantization table number with the highest placement of
cach factor value 1n a quantization table wherein said
differential values take a value within a predetermined
range among the quantization tables 1s determined as a
quantization table number corresponding to a quantiza-
tion table used during compression of said original
1mage.

18. The image compression device according to claim 17,
comprises a threshold wvalue adjustment means which
changes the value of the threshold value used with the quan-
tization table number determination means.

19. The image compression device according to claim 12,
wherein the quantization table number determination means
the approximation curve corresponding to each quantization
table 1s compared with a predetermined threshold; and

a quantization table number with the highest placement of
cach factor value 1n a quantization table wherein said
differential values of said approximation curve are not
lower than said threshold value among the quantization
tables 1s determined as a quantization table number cor-
responding to a quantization table used during compres-
sion of said original 1mage.

20. The image compression device according to claim 19,
comprises a threshold wvalue adjustment means which
changes the value of the threshold value used with the quan-
tization table number determination means.

21. The image compression device according to claim 12,
wherein the quantization table number determination means a
quantization table number which 1s decreased up to a prede-
termined ratio between maximum and mimmum of said
approximation curve 1s determined as a quantization table
number corresponding to a quantization table used during
compression of said original 1mage.

22. The image compression device according to claim 21,
comprises a ratio adjustment means which changes the ratio
used with the quantization table number determination
means.

23. A digital camera characterized by comprising an image
compression device according to claim 12.

24. An 1mage compression device comprises:

a block dividing means which divides the original image
data 1nto a plurality of blocks;

a DCT calculation means which applies Discrete Cosine
Transform to each of a plurality of divided blocks;

a block detection means for image quality evaluation value
calculation which detects a block with many high fre-
quency components from the transform coellicients of
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cach of a plurality of blocks calculated 1n the DCT
calculation means as the block for image quality evalu-
ation value calculation;

a compression and expansion means which compresses
cach of the blocks consisting of the block for image
quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality
evaluation value detected by the block detection means
for 1mage quality evaluation value calculation using a
plurality of quantization tables 1n which the quantized
data 1s different, and which expands using the quantiza-
tion table used during compression of each of blocks
consisting of the block for image quality evaluation
value calculation and each of the boundary blocks
adjoining the block for image quality evaluation value;

an 1mage quality evaluation value calculation means which
acquires the 1image quality evaluation value relative to
cach quantization table using the difference of the pixel
values at the edge sides which border the block for the
image quality evaluation value calculation which are the
pixel values at the edges of the block for image quality
evaluation value calculation and each of the boundary
blocks adjoining the block for image quality evaluation
value calculation after expansion;

an approximation curve calculation means which calcu-
lates an approximation curve indicating the relationship
between said 1image quality evaluation value and said
cach quantization table;

a quantization table number determination means which
determines a quantization table number corresponding
to a quantization table used during compression of the
original 1image based on the calculated approximation
curve calculated 1n the approximation curve calculation
means; and

an original image data compression means which com-
presses the original 1image data using a quantization
table of a quantization table number determined 1n the
quantization table number determination means.

25. The image compression device according to claim 24,

wherein the approximation curve calculation means an
approximation curve 1s calculated with a cubic spline func-
tion based on the 1mage quality evaluation value for each

quantization table.

26. A digital camera characterized by comprising an image

compression device according to claim 24.

27. An 1image compression method comprises:

dividing the original image data into a plurality of blocks;

performing Discrete Cosine Transform on each of a plu-
rality of divided blocks which calculates the transform
coellicients and which detects those blocks containing
many high frequency components from among a plural-
ity of calculated transform coellicients;

while setting the blocks corresponding to the detected
transform coellicients, compressing each of a plurality
of transform coellicients calculated above using a pre-
determined quantization table;

expanding each of a plurality of compressed quantization
transform coellicients using a quantization table used
during compression;

performing Inverse Discrete Cosine Transform on the
transiorm coellicients corresponding to the block for the
image quality evaluation value calculation and each of
the boundary blocks adjoining the block for image qual-
ity evaluation value calculation from among a plurality
of reconstructed transform coetlicients after expansion;

calculating the difference of the pixel values at the edge
sides which border the block for the image quality evalu-
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ation value calculation which are the pixel values at the
edges of the block for image quality evaluation value
calculation and each of the boundary blocks adjoining
the block for image quality evaluation value calculation
after expansion for each of the quantization tables recon-
structed by the Inverse Discrete Cosine Conversion and
sets the image quality evaluation value relative to a pre-
determined quantization table from the result;

calculating an approximation curve indicating the relation-
ship between said 1mage quality evaluation value and
said each quantization table;

wherein based on said approximation curve a quantization
table number 1s determined corresponding to a quanti-
zation table used during compression of said original
image; and

compressing the original image using a quantization table
of the determined quantization table number.

28. An 1mage compression program embodied in a com-

puter-readable medium characterized by making a computer
execute each the processes includes:

a block dividing process which divides the original image
data 1nto a plurality of blocks;

a DCT operation process which applies Discrete Cosine
Transform to each of a plurality of divided blocks and

calculates the transform coefficients:

a block detection process for image quality evaluation
value calculation which detects a block with many high
frequency components from among a plurality of the
calculated transform coetficients and sets a block corre-
sponding to the transform coetlicients with many high
frequency components as the block for image quality
evaluation value calculation;

a compression process which compresses each of a plural-
ity of calculated transform coefficients using a predeter-
mined quantization table;

an expansion process which expands each of a plurality of
compressed quantized transform coefficients using a
quantization table used during the compression;

a Discrete Cosine Transform process which performs
Inverse Discrete Cosine Transform on the transform
coellicients corresponding to the block for the image
quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality
evaluation value calculation from among a plurality of
transform coelficients reconstructed by the expansion
process;

an 1mage quality evaluation value calculation process
which calculates for the difference of the pixel values at
the edge sides which border the block for the image
quality evaluation value calculation which are the pixel
values at the edges of the block for image quality evalu-
ation value calculation and each of the boundary blocks
adjoining the block for 1image quality evaluation value
calculation reconstructed by the Inverse Discrete Cosine
Conversion and sets the 1mage quality evaluation value
relative to each quantization table from the result;

an approximation curve calculation process which calcu-
lates an approximation curve indicating the relationship
between the image quality evaluation value and the each
quantization table;

a quantization table number determination process which
determines a quantization table number corresponding
to a quantization table used during compression of the
original image based on the calculated approximation
curve; and
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an original 1image data compression process which com-
presses the original 1mage data using a quantization
table which has a determined quantization table number.

29. An 1mage compression device comprises:

a block dividing means which divides the original image
data into a plurality of blocks;

a Discrete Cosine Transform means which performs Dis-
crete Cosine Transiorm on each of a plurality of divided
blocks and calculates the transtorm coefficients;

a block detection means for image quality evaluation value
calculation which detects the transtorm coetlicients with
many high frequency components from among a plural-
ity of calculated transform coellicients and sets a block
corresponding to the transform coefficients with many
high frequency components as the block for image qual-
ity evaluation value calculation;

a compression means which compresses each of a plurality
of the calculated transform coetlicients using a prede-
termined quantization table;

an expansion means which expands each of a plurality of
compress quantized transform coelficients using a quan-
tization table used during compression;

a Discrete Cosine Transform means which performs
Inverse Discrete Cosine Transform on the transform
coellicients corresponding to the block for the image
quality evaluation value calculation and each of the
boundary blocks adjoining the block for image quality
evaluation value calculation from among a plurality of
transform coeltficients reconstructed by the expansion
means;
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an 1mage quality evaluation value calculation means which
calculates for the difference of the pixel values at the
edge sides which border the block for the image quality
evaluation value calculation which are the pixel values at
the edges of the block for image quality evaluation value
calculation and each of the boundary blocks adjoining
the block for image quality evaluation value calculation
reconstructed by Inverse Discrete Cosine Transform and
sets the 1mage quality evaluation value relative to each
quantization table from the result;

an approximation curve calculation means which calcu-
lates an approximation curve indicating the relationship
between said 1image quality evaluation value and said
cach quantization table;

a quantization table number determination means which
determines a quantization table number corresponding
to a quantization table used during compression of the
original image based on the calculated approximation
curve by the approximation curve calculation means;
and

an original 1image data compression means which com-
presses the original 1mage data using a quantization
table which has a determined quantization table number
by quantization table number determination means.

30. A digital camera characterized by comprising an image

compression device according to claim 29.
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